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three-dimensional (3D) Peano series solution is presented for the static analysis of functionally
graded (FG) and layered magneto-electro-elastic (MEE) plates resting on elastic foundations
considering imperfect interfacial bonding. The interfacial imperfection is modeled using
generalized spring layer. Regardless of the number of layers, the equations of motion, Gauss’
equations for electrostatics and magnetostatics, the boundary and interface conditions are exactly
satisfied. No assumption on deformations, stresses, magnetic and electric field along the thickness
direction is introduced. The governing partial differential equations are finally solved using the
state-space method. The present formulation has been validated through comparison with other
similar works available in the open literature. Effects of two-parameter elastic foundation,
gradient index, bonding imperfection, applied mechanical and electrical loads on the static and
dynamic response of the functionally graded magneto-electro-elastic (FGMEE) plate are
discussed. It is worthy to note that the present novel exact formulation includes all previous
solutions, such as piezoelectric, piezomagnetic, purely elastic solution, elastic foundation and
interlayer slip problems, as special cases. The obtained exact solution can be used to assess the
accuracy of layered FGMEE plate theories and/or validating finite element codes.
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Fig. 1 Layered FGMEE plate resting on two-parameter foundation:
Cartesian coordinate system and geometric parameters 
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a-Through-the-thickness variations of Transverse shear stress 

 
b- Through-the-thickness variations of Transverse displacement 

Fig. 2 Comparison of present study graphs with reference [19]
 2 ] 19[   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

0.
8 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                             5 / 11

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.40.8
https://mme.modares.ac.ir/article-15-7684-fa.html


    

- -      

13941512  351  

 
Fig. 3 The stacking sequence of the layered FGMEE plate in the example 2 
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Fig. 4 Comparison of present study graphs with reference [9] under
mechanical load: Through-the thickness variation of Transverse magnet
displacement
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Fig. 5 Comparison of present study graphs with reference [9] under electrical
load: Through-the-thickness variations of Induced magnetic potential
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a- Through-the-thickness variations of Transverse normal stress

b- Through-the-thickness variations of Induced electric potential

 
c- Through-the-thickness variations of Induced magnetic potential

Fig. 6 The effect of foundation stiffness on the response of FGMEE plate;
under mechanical load
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a- Through-the-thickness variations of Transverse displacement

Through-the-thickness variations of in plane stress 

 
c- Through-the-thickness variations of Transverse normal stress

d- Through-the-thickness variations of Transverse magnetic displacement
Fig. 7 The effect of foundation stiffness on the response of FGMEE plate;
under electerical load (R=0, a=10)
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a- Through-the-thickness variations of In-plane displacement

b- Through-the-thickness variations of Transverse displacement 

 
c- Through-the-thickness variations of Transverse shear stress 

 
d- Through-the-thickness variations of in plane stress

Fig. 8 Through-thickness distributions of field variables of FGMEE plate with
imperfect interfacial bonding; under mechanical load ( = 2, = 0.1 a=10)
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1  FGMEE        
  (Kw =2, Kp 0.1, =10)  

Table  1 Bending results for the imperfect three layered FGMEE plate under 
electrical loading (Kw =2, Kp 0.1, =10) 

  R  

  0 5 
u1(0.75,0.25,0.2+)×10128.0699 -13.8073 - 14.6209 - 
u3(0.75,0.25,0.2+)× 1012 11.5449 -5.8990 - 5.2058 -

11(0.75,0.25,0.2+) 85.8208 -9.1247 - 10.0363 - 
33(0.75,0.25,0) 2.0196 - 0.9050 - 0.6915 - 

23(0.75,0.25,0.25) 2.79431.90511.7070 
12(0.75,0.25,0.2+) 2.2564 -3.8606 - 4.0880 - 

(0.75,0.25,0.2-) 0.47000.50810.8735 

(0.75,0.25,0.2-)× 106 9.6711 -2.1675 - 0.7208 - 
D3(0.75,0.25,0.2+)× 1010 4.6088 -5.1496 - 10.3005 - 
B3(0.75,0.25,0.15)× 101012.2252 -1.8073 - 0.5502 
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a- Through-the-thickness variations of In-plane displacement

 
b- Through-the-thickness variations of in plane stress 

 
c- Through-the-thickness variations of Transverse shear stress 

 
d- Through-the-thickness variations of Transverse electric displacement 

e- Through-the-thickness variations of Transverse magnetic displacement
Fig. 9 The effects of different gradient indexes on the response of FGMEE
plate under mechanical loading
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